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Background
Informal caregivers play an increasingly important role in the health care systems of Western societies [1] . The prevalence of informal caregivers in OECD countries (Organisation for Economic Co-operation and Development) ranges from 8 to 16% and from 18 to 44%, depending on the definition of informal care that is used [1] . In the Netherlands, in 2014, 3.8 million people aged 19 years and older (29% of the Dutch adult population) provided intensive (>8 h a week) or long-term (>3 months) informal care for a relative, such as a spouse, parent (in-law), child, friend, or neighbour [2] . To obtain the benefits of informal care, such as delayed institutionalization of the care recipient [3] , caregiving research that aims to improve our understanding of caregiving experiences and the outcomes of informal caregiving has become more relevant [1] .
Caregiving research can be characterized by a focus on the complex interplay among the characteristics of the caregivers (e.g., health, other responsibilities besides informal care, educational level, gender), care recipients (e.g., health problems, living situation), and the care situation (e.g., caregiving intensity, type of care relationship, availability of support) and negative (e.g., burden, stress) and positive (e.g., increased self-esteem, satisfaction from caregiving) caregiving outcomes. Compared to noncaregivers, informal caregivers often experience higher levels of stress and depression and lower levels of subjective well-being and physical health [4] . Within the caregiving population, there is considerable variation in how caregivers experience their role and how it affects their health. For example, spousal caregivers experience more burden than adult-child caregivers [5, 6] , and dementia caregivers experience more burden than caregivers of care recipients without dementia [7, 8] . As there can be large differences among informal caregivers, caregiving studies often focus on homogeneous diagnostic groups of care recipients (e.g., Alzheimer's disease, stroke, cancer) [9] and recruit informal caregivers via these selective groups of care recipients [10] . As a result, informal caregivers in these studies may experience relatively high levels of burden and low levels of positive experiences [11] . In addition, although these studies provide relevant and useful information for specific groups of informal caregivers and their care recipients, their approach also compromises the generalizability of the findings to the larger caregiving population, limits the identification of common features across caregiving populations, and potentially under-or overestimates the associations between variables [9, [11] [12] [13] [14] .
To cover the large heterogeneity in the caregiving population, we conducted an informal care add-on study within the Lifelines Cohort Study: Lifelines ICAS. The Lifelines Cohort Study is a large multi-disciplinary prospective population-based cohort study examining in a unique three-generation design the health and healthrelated behaviours of 167,729 persons living in the north of the Netherlands [15, 16] . By covering the large heterogeneity and variety in the caregiving population, Lifelines ICAS enables the study of not only differences among but also common features across the wide range of informal caregivers, care recipients, and care situations. As such, it contributes to the further development of caregiving research. Within the Lifelines Cohort Study, an additional informal care questionnaire was distributed among all participants who were identified as informal caregivers and who gave consent to participate in Lifelines ICAS. This paper outlines the study design and data collection procedures, provides an overview of the measurements included in Lifelines ICAS, and describes the caregiver study population.
Methods
The Lifelines cohort study
The Lifelines Cohort Study is a large population-based cohort study in the north of the Netherlands that was established to facilitate research on the universal risk factors of multifactorial diseases and their modifiers [15] . The cohort profile of Lifelines has been described elsewhere [16, 17] . Briefly, Lifelines employs a broad range of investigative procedures to assess the biomedical, socio-demographic, behavioural, physical and psychological factors that contribute to the health and disease of the general population, with a special focus on multimorbidity and complex genetics [15, 16] . The Lifelines Cohort Study was approved by the medical ethical committee of the University Medical Center Groningen, the Netherlands. Participant recruitment and the baseline assessment occurred between 2006 and 2013. All participants signed an informed consent form. For the baseline assessment (over 167,000 participants), participants visited one of the Lifelines research sites to receive a comprehensive physical examination and completed extensive questionnaires at home, including items on health behaviours and health status, medication use, psychosocial factors, and work characteristics. Follow-up is planned for at least 30 years and includes questionnaires administered every 1.5 years, and an updated physical examination every 5 years. Currently, 2 follow-up questionnaires are being carried out, and since January 2014, the participants are invited again for the second physical examination at one of the Lifelines research sites (see Fig. 1 ). Lifelines is a facility that is open to all researchers. Information on the application and data access procedure is summarized at www.lifelines.net. Detailed information on all collected variables can be found in the online Lifelines Data Catalogue (https://catalogue.lifelines.nl/).
The identification of informal caregivers
Informal caregivers were identified in the second Lifelines follow-up questionnaire. This questionnaire was distributed among all Lifelines participants aged 18 years and older approximately 5 years after the baseline questionnaire. To identify informal caregivers, we deliberately used a broad definition of informal care and did not place restrictions on the health problems of the care recipient, the type of care relationship, or the caregiving intensity or tasks, except that at least 1 h of informal care a week had to be provided. Informal care was described to the Lifelines participants as follows: "Unpaid care provided because of chronic disabilities and/or health problems. Informal care concerns care for a loved one, for example, a partner, family member, friend, or other relative. Voluntary work and care for healthy children is not included". Lifelines participants who reported being an informal caregiver answered a few questions about their caregiving situation. Subsequently, they were asked for their consent to participate in Lifelines ICAS. In Table 1 , information about informal care that was collected in the second Lifelines follow-up questionnaire is presented, together with some of the other themes that were covered in the second Lifelines follow-up questionnaire.
Based on the baseline and all follow-up questionnaires, a detailed family, health, and employment history can be created. Moreover, additional (longitudinal) research on informal caregiving is possible, and linkages can be made with other data sources, such as health registries and environmental data from Statistics Netherlands.
Lifelines ICAS
All informal caregivers who consented to participate in Lifelines ICAS between May 2013 and July 2014 received the additional informal care questionnaire (see Fig. 1 ). We distributed the informal care questionnaire over one full year to exclude seasonal effects. Within a maximum of 2 weeks after the completed second Lifelines follow-up questionnaire was received by Lifelines, the informal care questionnaire was sent by post (paper questionnaire) or email (digital questionnaire), depending on the participant's preference. Participants were requested to complete the questionnaire and return it, using the enclosed reply envelope for the paper questionnaires. No reminders were sent due to logistical and financial reasons. Informal caregivers who cared for more than one care recipient were asked to think about the care recipient to whom they provided most of their informal care when completing the informal care questionnaire.
Lifelines ICAS covered a wide range of themes related to informal caregiving (Table 2 ), in order to study the many different aspects potentially related to the experiences and outcomes of informal caregiving and the interplay among characteristics of the informal caregiver, -Chronic stress (Long-term Difficulties Inventory) [30] -Personality (e.g., Goal adjustment scale) [31] -Lifestyle, including smoking, nutrition (Food frequency questionnaire), and physical activity (SQUASH) [32, 33] the care recipient, and the care situation and negative and positive caregiving outcomes.
Results

Informal caregivers in the Lifelines cohort study
Of the 94,728 Lifelines participants who participated in the second Lifelines follow-up questionnaire, 11,651 (12%) identified themselves as an informal caregiver (see Fig. 2, upper part) . Seventy-five percent were female, their average age was 52 years (± 9.9), and most informal caregivers cared for their parent (in-law) (64% adultchild caregiver). Further characteristics of these informal caregivers and their caregiving situation are presented in the supplementary materials (Additional file 1: Table S1A/B). Figure 3 shows that the percentage of spousal caregivers was the highest in the oldest age categories (61-70 years, >70 years), while adult-child caregivers were more often found in the middle age categories (41-50 years, 51-60 years). The percentages of parental caregivers, i.e. those caring for their child (in-law), were relatively stable over the age categories, while other caregivers were found most often in the youngest and oldest age categories (<31 years, >70 years).
Informal caregivers in Lifelines ICAS
Of the 11,651 informal caregivers who were identified in the second Lifelines follow-up questionnaire, 7059 (61%) provided consent to participate in Lifelines ICAS (see Fig. 2 , lower part). Of these 7059 informal caregivers who provided consent for participation, 2002 (28%) consented between May 2013 and July 2014. Subsequently, we distributed the informal care questionnaire among these 2002 informal caregivers. The response rate was 48%, which resulted in 965 informal caregivers who participated in Lifelines ICAS. Informal caregivers in Lifelines ICAS were on average 53 years of age (± 9.8), three-quarters (75%) were female, and 56% were adult-child caregivers. The average age of the care recipients was 68 years (± 23.5), and 64% were female. More information about the informal caregivers in Lifelines ICAS (e.g., socio-demographic characteristics, health-related quality of life), their care recipients (e.g., causes of care need), the care situation (e.g., types and amount of informal care provision, relationship quality, support, caregiving duration), and positive and negative caregiving experiences can be found in the supplementary materials (Additional file 1: Table S2A/B/C,  Table S3 , Figures S1, S2 and S3 ).
Discussion
We conducted an informal care add-on study (Lifelines ICAS) within the Lifelines Cohort Study [15, 16] , that covered the large heterogeneity in the caregiving population. A substantial proportion of the 965 informal caregivers in Lifelines ICAS were female (75%), employed (70%), and adult-child caregivers (56%), and these characteristics are broadly comparable to those of other caregiving studies [2] . In addition, our caregiver study population contained a wide mixture of informal caregivers, with variation in, for example, types of informal care tasks, intensity of caregiving, care recipient's health problems, and caregiving experiences and outcomes. This wide variation enables the identification of common features across caregiving populations, which is not possible when focusing on specific and more homogeneous groups of informal caregivers [9, 11] .
By using the second Lifelines follow-up questionnaire to identify informal caregivers in the Lifelines population, we essentially created two caregiver study populations: one large caregiver study population of 11,651 informal caregivers, for whom some basic caregiving information is available, and one smaller caregiver study population of 965 informal caregivers for whom extensive caregiving information is available. Not all informal caregivers in the large study population gave consent to participate in (b) Health situation care recipient: reasons for care needs (cognitive problems/dementia, psychological problems, physical problems, intellectual problems, behavioural problems); list of (chronic) diseases and disorders [34] ; current health situation (temporarily problems, chronical problems, dying) (c) Health situation of caregiver: health-related quality of life (EQ-5D, EQ-VAS) [35] (d) Caregiver activities besides caregiving: paid employment, household tasks, care for children living at home, voluntary work, leisure activities, reduction of activities due to caregiving responsibilities.
(e) Informal care tasks: total hours a week; hours a week per care tasks (household care, personal care, nursing care, emotional support and supervision, assistance with administrative/financial issues, assistance with outside activities) (f) Support: support focused on caregiver (e.g. social work, caregiver support groups, (un)paid help with own household chores or care for own children, respite care), and support focused on care recipient (e.g., other informal caregiver/volunteer, paid/professional household or personal care, day care/treatment) (g) Caregiving experiences: Caregiver Reaction Assessment (CRA) [36, 37] , Self-rated burden scale (SRB) [22, 23] , Positive Aspects of Caregiving scale (PAC) [38] , Positive Experiences Scale (PES) [39] , Satisfaction with caregiving (VAS scale, modelled after the SRB), relationship quality with care recipient (VAS scale, change since start of caregiving) (h) Reasons for informal care provision: list of reasons for informal care provision, ranging from 'out of love and affection' and 'satisfaction from caregiving' to 'no availability in care institution' and 'no one else is available'. Four domains can be identified: naturally/obviousness, preference for staying home, no alternatives, and relationships [40] (i) Informal care and paid work: application of work arrangements, ability to combine informal care and paid work (VAS scale), change in work hours because of caregiving, satisfaction with employer (VAS scale), work arrangements applied by self-employed caregivers Lifelines ICAS (61% consent rate) or completed and returned the additional informal care questionnaire (48% response rate). Although informal caregivers with high care demands and high caregiver burden were more likely to consent and respond to Lifelines ICAS, this trend affected only a few associations between caregiver characteristics and caregiver burden (for more information on the nonresponse bias in Lifelines ICAS, see [18] ).
Twelve percent of all Lifelines participants indicated that they provided informal care, which is relatively low in comparison to other Dutch caregiver samples [2, 19] . However, the prevalence of informal care and the composition of the informal caregiver sample depend on the definition of informal care used [20] . We used a broad description of informal care, and included the term 'informal care' in the description. Other studies may have used a more restricted definition of informal care, including, for example, criteria regarding the care recipient's health problems or the type, intensity or duration of informal care provision [20] . Logically, a broad description would result in a higher percentage of informal caregivers. However, it may also be more difficult for people to identify themselves in a broad description, and with a more restricted definition, this recognition may be easier. In addition, research has shown that informal caregivers may prefer to think of themselves as relatives or friends of the person with care needs, not as an informal caregiver [21] . As a result, they may not always identify with the term 'informal caregiver' or 'carer' [21] . This consideration is important for future caregiving studies, in which researchers should think carefully about the definition of informal care that they use [20] , and researchers may want to consider avoiding the terms 'informal caregiver' or 'carer' when recruiting informal caregivers. The terms used are also important for policy development and the development of support programmes or interventions. People who provide informal care but do not consider themselves to be an informal caregiver may not selfidentify with existing policies or support programmes or interventions in which terms such as informal caregiver are used. Another explanation for the differences in percentages between studies may be the time period that is referenced in the questionnaire. We asked whether Lifelines participants were providing informal care at the time of the questionnaire (point prevalence). This approach results in a lower prevalence of informal care than a question about informal caregiving in the past year [2] .
The majority of the 11,651 informal caregivers in the second Lifelines follow-up questionnaire rated their health as good or very good. In addition, the healthrelated quality of life of the 965 informal caregivers in Lifelines ICAS was generally good. This good health may be related to the overrepresentation of middle-aged individuals in the Lifelines Cohort Study, which in turn can be explained by the recruitment strategy used in the Lifelines Cohort Study (index population aged 25-49 years) [17] . After adjusting for demographic status, the characteristics of the adult Lifelines participants were broadly representative of the adult population in the north of the Netherlands [17] .
Conclusions
Lifelines ICAS covers a large heterogeneous caregiving population and includes different types of informal caregivers, care recipients, and care situations. This approach enables caregiving researchers to study not only differences but also common characteristics and correlates of outcomes such as caregiver burden and caregiver satisfaction. To conclude, informal caregivers represent a huge resource for society and our health care system, and caregiving research that improves our understanding of caregiving experiences and outcomes is increasingly important and relevant. The data collected in the Lifelines Cohort Study and in Lifelines ICAS may be of great value in this caregiving research and are available to all researchers on a fee-for-service basis. The currently crosssectional Lifelines ICAS may be expanded to obtain one or more follow-up measurements. In addition, a unique feature of Lifelines is that the data can be enriched by linking with other data sources, such as health registries and Statistics Netherlands. 
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